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PHARMACEUTICAL LYSINE-CONTAINING POLYPEPTIDE 
COMPOSITIONS AND METHODS OF USE THEREOF 

CROSS-REFERENCES TO RELATED APPLICATIONS 
[01] NOT APPLICABLE 

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER 
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 
[02] This is a continuation-in-part of (1) copending Serial No. 07/967,633, 
filed October 28, 1992; (2) copending Serial No. 07/783,517, filed October 28, 1991; and 
(3) copending Serial No. 07/816,205, filed January 2, 1992; each of which are incorporated 
herein by reference. 

[03] The present invention is directed to peptide pharmaceutical 
compositions and uses thereof, in particular, small peptides including the amino acid 
sequence, Glx-Lys. These peptide compositions are useful for modulation of the immune 
system; the treatment of immunodepressed states and of opportunistic infections in 
immunodepressed states associated with acquired immune deficiency syndrome; treatment of 
infections caused by bacterial, viral, fungal, and parasitic organisms; augmentation of 
vaccination response; treatment of atopic states, treatment of anemias; treatment of leukocytic 
disorders; and the like. 

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER 
PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT DISK. 
[04] NOT APPLICABLE 

BACKGROUND OF THE INVENTION 
[05] A wide variety of diseases are caused by abnormalities of the immune 
system and hematological systems of animals including man. Further, the immune system is 
required to treat many other diseases. For example, immunodeficiencies such as the acquired 
immunodeficiency syndrome (AIDS) most commonly cause premature death and disability 
by making the person susceptible to infections and malignancies. This susceptibility is 
caused by a weakening of the immune system. Specifically, the HIV virus that causes AIDS 



attacks and kills T helper cells. Loss of T helper cells compromises the host's ability to fight 
infections by normal immunological mechanisms. Many types of malignancy are also 
associated with immunodeficient states suggesting that they are caused by a failure of normal 
host immune surveillance systems. Many diseases cause secondary immunodeficiency 
5 allowing for more rapid progression of the primary disease or the development of secondary 
diseases. Methods to enhance suppressed immune systems have not achieved high levels of 
efficacy. 

[06] Diseases may also be caused by hyperactivity of the immune system. 
For example, collagen vascular diseases are associated with immunologically-mediated 

10 damage to the host tissue. Such diseases include multiple sclerosis, rheumatoid arthritis and 
the like. These diseases afflict many individuals and cause significant morbidity and 
mortality. Treatments generally include immune suppression. Unfortunately, generahzed 
immune suppression often results in increased incidence of infections and mahgnancies. 
Therefore, to treat one disease patients are placed at risk for developing other, possibly life 

15" threatening, diseases. 

[07] Immunological stimulation, even in healthy individuals, may aid in the 
treatment of several diseases. Infectious diseases may be more effectively treated by 
stimulation of the immune system. The enhanced immunological response may work with 
other treatments to eliminate the infection more readily. Also, specific immune stimulation 

20 has been shown to reduce tumor size in some mahgnancies. Also, many drugs used for 

primary treatment of infections and malignancies have significant side effects. Therefore, it 
is desirable to reduce the dose of the primary drug whenever possible. 

[08] What is needed in the art are compositions and methods for modulating 
the immune system. Ideally, these compounds and methods would be able to stimulate 

25 suppressed or deficient immune systems as well as reduce immune hyperactivity. Also these 
compounds and methods should act to restore a natural balance to the immune system. Quite 
surprisingly, the present invention fiilfills these and other related needs. 

BRIEF SUMMARY OF THE INVENTION 
30 [09] The present invention provides compositions comprising a peptide 

having the formula R'-Glx-Glx-Lys-R" or a pharmaceutically acceptable salt thereof; 
wherein Glx is Glu or Gin; R' is H- or a first amino acid sequence having fewer than 7 amino 
acids; R" is -H or a second amino acid sequence having fewer than 7 amino acids; and the 
peptide has a sequence of at least 5 and not more than 9 amino acids. Generally, R' is H-, 
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Thr-Ala-, Thr-Pro-, Ser-Ala-, Ser-Pro-, Ser-Ser-, Met-Leu-Thr-Ala-, or Leu-Thr-Ala-; and R" 
is -H, -Ala, -Ala- Ala or -Ala-Val. In preferred embodiments, the peptide is L-Thr-L-Pro-L- 
Glu-L-Glu-L-Lys or L-Thr-L-Ala-L-Glu-L-Glu-L-Lys. 

[10] Also provided are pharmaceutical preparations comprising a peptide 
having the formula R'-Glx-Lys-R" or a pharmaceutically acceptable salt thereof, wherein Glx 
is Glu or Gin; R' is H- or a first amino acid sequence having fewer than 7 amino acids; R" is 
-H or a second amino acid sequence having fewer than 7 amino acids; and the peptide has a 
sequence of at least 2 and not more than 9 amino acids; and a physiologically acceptable 
carrier. In preferred embodiments, the peptide is L-Glu-L-Lys, L-Thr-L-Ala-L-Glu-L-Glu-L- 
Lys^ or L-Thr-L-Pro-L-Glu-L-Glu-L-Lys. 

[11] Methods for using the peptides of the present invention are also 
provided. These methods include administration of the pharmaceutical preparations of the 
present invention for immunomodulation of a host's immune system, treatment of infections, 
treatment of anemias, treatment of atopic states, and treatment of leukocytic disorders. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[12] Fig. 1 illustrates an experimental method for assessing treatment of 
infection with EK. 

[13] Fig. 2 illustrates survival of bacterially-infected mice treated with EK 
with and without an adjuvant antibiotic. 

[14] Fig. 3 illustrates survival of bacterially-infected mice treated with EK 
without adjuvant antibiotics. 

[15] Fig. 4 illustrates survival of bacterially-infected mice treated with EK 
with adjuvant antibiotics. 

[16] Fig. 5 illustrates an experimental protocol to assess the efficacy of 
HM897 in the treatment of bacterial infection in mice. 

[17] Fig. 6 illustrates survival of bacterially-infected mice treated with 
HM897 with and without adjuvant antibiotics. 

[18] Fig. 7 illustrates survival of bacterially-infected mice treated with 
HM897 with adjuvant antibiotics. 

[19] Fig. 8 illustrates survival of bacterially-infected mice treated with 
HM897 without adjuvant antibiotics. 

[20] Fig. 9 illustrates survival of vaccinated fish treated with different 
amounts of HM897. 



[21] 

amounts of HM897. 



Fig. 10 illustrates survival of unvaccinated fish treated with different 



DETAILED DESCRIPTION OF THE INVENTION 
5 [22] The present invention is based in part on the discovery that certain 

peptide compositions exhibit a broad range of efficacy for modulation of the immune system. 
This provides a means for the prevention and treatment of infections in immunocompetent as 
well as immunodepressed states, and for therapeutically effective treatment of 
immunodeficient states, particularly AIDS. Other disorders associated with immime and 

1 0 hematologic systems may be similarly treated. This is believed to be highly unexpected for 

such relatively small compounds to exhibit such a broad range of activity. Furthermore, we 
have not found any significant side effects from the use of the peptides according to the 
present invention. Due to their simple nature, the peptides of the present invention are 
relatively inexpensive to manufacture. 
1 5r [23] The present invention provides peptide compositions, pharmaceutical 

- preparations containing the peptides, and methods for therapeutic use of the peptides. 

Generally, the compositions comprise a peptide having the formula R'- Glx-Glx-Lys-R" or a 
Z pharmaceutically acceptable salt thereof; wherein GLx is Glu or Gin; R' is H- or a first amino 
= acid sequence having fewer than 7 amino acids; R" is -H or a second amino acid sequence 
20 having fewer than 7 amino acids; and the peptide has a sequence of at least 5 and not more 
than 9 amino acids. 

[24] The pharmaceutical preparations of the present invention generally 
comprise a peptide having the formula R'-Glx-Lys-R" or a pharmaceutically acceptable sah 
thereof, wherein Glx is Glu or Gin; R' is H- or a first amino acid sequence having fewer than 
25 7 amino acids; R" is -H or a second amino acid sequence having fewer than 7 amino acids; 
and the peptide has a sequence of at least 2 and not more than 9 amino acids; and a 
physiologically acceptable carrier. The peptides and pharmaceutical preparations may be 
employed in a variety of therapeutic uses. These include modulating the activity of a host's 
immune system, treating infections in a host, treating atopic states, treating leukocytic 
30 disorders, treating anemias in a host, and augmenting vaccination responses. 

[25] As used herein, the terms "immunomodulator" and 
"immunomodulating" encompass the activity of restoring the natural balance to a host's 
immune system. This includes enhancing or restoring the subject's immune system, as 
evidenced by measurable blood parameters and/or the patient's improved ability to combat 
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infection or disease, and the ability to heal tissue. Hence, immunomodulation encompasses 
improvement of the immune system due to an immunodeficient state (for example, caused by 
removal of the thymus), and/or an immunodepressed state (for example, caused by exposure 
to radiation). Furthermore, the present invention provides for modulation of the immune 
5 system by lowering blood parameters and other indicia of the immune state if these indicia 
are abnormally elevated. The present invention encompasses the therapeutic method of 
treating the immunodeficient, immunodepressed or elevated immune state per se, thus 
providing prophylaxis against infection and disease, as well as a treatment of infection, 
disease or wound by enhancing the immune system. 
10 [26] Generally, the peptide will have formula of Formula I, using the 

r;:; normal convention wherein the first named amino acid is the amino terminus and the last 
. named amino acid is the carboxyl terminus. 

[27] R'-Glx-Lys-R" (I) 
[28] wherein: 

1 K - [29] R' is H-, Thr-Ala-Glx-, Thr-Pro-Glx-, Ser-Ala-Glx-, Ser-Pro-Glx-, Ser- 

Ser-Glx-, Met-Leu-Thr-Ala-Glx-, or Leu-Thr-Ala-Glx-; 
'J [30] R" is -H, -Ala, -Ala-Ala or -Ala-Val; and 

: [31] Glx is Glu or Gin. 

; f [32] In accordance with a preferred embodiment of the present invention 

20 are pharmaceutical preparations comprising of the Formula II (Formula I wherein R"=H)' 

[33] R' -Glx-Glx-Lys (II) 
[34] wherein: 

[35] R' is Thr-Ala-Glx-, Thr-Pro-Glx-, Ser-Ala-Glx-; Ser-Pro-Glx-, or Ser- 

Ser-Glx-. 

25 [36] Preferred species are Glx-Lys and Thr-Ala-Glx-Glx-Lys, particularly 

wherein Glx=Glu. The amino acids of the peptides of the present invention may be either D 
or L stereoisomers. The amino acids in a peptide may all be either L or D or a mixture of L 
and D stereoisomers. It is generally preferred that all of the amino acids be of the L form. 
Specific amino acid stereoisomers will be denoted by a prefix of L- or D-. For example, the 
30 L stereoisomer of alanine is denoted L-Ala. 

[37] Species in which R' -H indicates a fi-ee C-terminus carboxyl group. 
[38] Other particularly preferred species useful in accordance with the 
invention are the peptides according to Formula I wherein: 
[39] R' = Glx- 
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[40] R' = Thr-Pro-Glx- 

[41] R' = Met-Leu-Thr-Ala-Glx- and R"=-Ala; 
[42] R' = Leu-Thr-Ala-Glx- and R"=-Ala; 
[43] R' = Leu-Thr-Ala-Glx- and R"=-Ala-Ala; 
5 [44] R' = Leu-Thr-Ala-Glx- and R"--Ala-Val. 

[45] The peptides of the present invention may be combined in 
pharmaceutical preparations for a variety of therapeutic uses. The preparations may be 
administered to a variety of hosts for therapeutic purposes. Suitable hosts include human and 
non-human primates, domestic animals including dogs, cats, rodents, birds, horses, cows, 
10 pigs, fish, and the like. 

[46] The compositions may also find use for pre- or post-exposure 
J prophylaxis, e.g., HIV prophylaxis following "dirty needle" injuries to health care workers or 

^ routinely accompanying blood transfusions or to persons in danger of becoming exposed to 
rlj infected body or culture fluids. The peptides of the present invention are particularly useful 
15 for augmentation of vaccinations. By "augmentation of vaccines", it is meant that the level 
= J and/or duration of complete or partial protection from disease obtained from vaccination is 
Q enhanced. 

p i [47] Administration of the peptides of the present invention is conjunction 

tr ^^^^ ^ vaccine may enhance the immune response to the vaccine providing both a higher 

20;,.,=, level of immunity and a prolonged anamnestic response. The peptides may be administered 
prior to, simultaneously with, or following vaccination. Generally, the peptides will be 
administered prior to or simultaneously with vaccination. 

[48] The pharmaceutical compositions are intended for parenteral, topical, 
oral, or local administration for prophylactic and/or therapeutic treatment. Preferably, the 

25 peptides of the present invention are administered intramuscularly or intranasally. As the 
peptides of the present invention may be administered parenterally, i.e., intravenously, 
subcutaneously, intramuscularly, or intrathecally, this invention provides pharmaceutical 
preparations for parenteral administration which comprise a solution of a peptide of the 
present invention dissolved in a pharmaceutically acceptable carrier, preferably an aqueous 

30 carrier. A variety of aqueous carriers may be used, e.g., water, buffered water, 0.4% saline, 
0.3% glycine, and the like, including glycoproteins for enhanced stability, such as albumin, 
lipoprotein, globulin, etc. These compositions may be sterilized by conventional, well known 
sterilization techniques. The resulting aqueous solutions may be packaged for use or filtered 
under aseptic conditions and lyophilized, the lyophilized preparation being combined with a 
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sterile aqueous solution prior to administration. The compositions may contain 
pharmaceutically acceptable auxiliary substances as required to approximate physiological 
conditions, such as pH adjusting and buffering agents, tonicity adjusting agents and the like, 
for example, sodium acetate, sodium lactate, sodium chloride, potassium chloride, calcium 
chloride, etc. 

[49] The active peptides of the pharmaceutical preparations according to the 
present invention may be used as free peptides or in the form of a water soluble 
pharmaceutically acceptable salt, such as a sodium, potassium, ammonium or zinc salt. In 
addition to the peptides and physiologically acceptable carriers, the pharmaceutical 
preparations may include other active ingredients which independently impart an activity to 
the composition, such as antibiotics, interferon, anesthetics, and the like. 

[50] The concentration of the peptides of the present invention in these 
pharmaceutical preparations can vary widely, i.e., from about 0.001% to as much as 15 or 
20% by weight and will be selected primarily by fluid volumes, viscosities, etc., in 
accordance with the particular mode of administration selected. When utilized 
intramuscularly as an injection solution with the active ingredient in a therapeutically 
effective immunopotentiating amoxmt of about .001 to .01% by weight. If prepared in the 
form of a tablet, capsule or suppository, it is preferred that the active ingredient be present in 
an amount of about 0. 1 mg per tablet, suppository or capsule. In such form, the capsule, 
suppository or tablet may also contain other conventional excipients and vehicles such as 
fillers, starch, glucose, etc. Actual methods for preparing parenterally, orally, and topically 
administrable compounds will be known or apparent to those skilled in the art and are 
described in detail in, for example, Remmgton's Pharmaceutical Science, 17th ed.. Mack 
Publishing Company, Easton, PA (1985), which in incorporated herein by reference. 

[51] Determination of an effective amount of peptide to treat hosts afflicted 
with different ailments may be determined through standard empirical methods which are 
well known in the art. For example, immunomodulation may be monitored by serial 
determinations of leukocyte count, sheep red blood cell erythrocyting activity, determination 
of relative and absolute levels of different leukocyte subsets (e.g., CD4 and CD8 subsets of 
T lymphocytes), sedimentation rates, C-reactive protein levels, immunoglobulin levels 
(particularly those directed at self-antigens), complement levels, and like, as well as general 
organ fimction of the host. Anemias may be monitored by serial determinations of 
hematocrit, hemoglobin, mean corpuscular volume, and the like. Well known methods of 
monitoring the treatment of infection include, e.g., culture and organ fimction indices. Atopic 



states may be evaluated by challenges to allergens and determination of IgE levels. 
Leukocytic disorders may be monitored by determination of white blood cell counts and 
leukocyte function assays. Vaccine augmentation may be monitored by repeated challenge of 
antigen, either virulent or attenuated, and observation of the host's immune response to the 
challenge. 

[52] Compositions of the invention are administered to a host already 
suffering from an infection, as described above, in an amount sufficient to cure or at least 
partially arrest the disease and its complications. An amount adequate to accomplish this is 
defined as "therapeutically effective dose." Amounts effective for this use will depend on the 
severity of the infection or disease and the weight and general state of the patient being 
treated, but generally range from about 0.001 mg/kg to about 5000 mg/kg host body weight 
of peptide per day, more commonly about 0.1 mg/kg to about 1000 mg/kg host body weight 
of peptide per day, usually about .25 mg/kg to about 100 mg/kg host body per day, more 
usually about 0.5 mg/kg to about 20 mg/kg host body weight per day, and preferably about 
0.7 mg/kg to about 10 mg/kg host body weight per day. Maintenance dosages over a 
prolonged period of time may be adjusted as necessary. It must be kept in mind that the 
materials of the present invention may be employed in serious disease states, that is, Ufe- 
threatening or potentially life threatening situations. In such cases, in view of the 
minimization of extraneous substances and general lack of immunogenicity when a human- 
derived polypeptide is employed to treat himian hosts, it is possible and may be felt desirable 
by the treating physician to administer substantial excesses of these compositions. For 
veterinary uses higher levels may be administered as necessary while avoiding, however, 
undesirable toxicities. 

[53] In prophylactic appUcations, compositions containing the present 
invention are administered to a patient susceptible to or otherwise at risk for infection, 
anemia, or other disorder that may be treated by the methods of the present invention. Such 
an amount is defined to be a "prophylactically effective dose." In this use, the precise 
amounts again depend on the patient's state of health and weight, but are generally in the 
ranges described above for therapeutic use. Prophylactic administration may be particularly 
desirable for hosts that have been exposed or at risk for exposure of infectious diseases, e.g., 
health-care workers, travellers, family members of infected individuals, immunosuppressed 
persons, and the like. The peptides of the present invention may also be administered for 
surgical prophylaxis to lessen the risk of infectious complications and enhance the host's 
restorative response to blood loss. 



[54] Single or multiple administrations of the compositions can be carried 
out with the dose levels and pattern being selected by the treating physician or veterinarian. 
In any event, the pharmaceutical preparations should provide a quantity of sufficient to 
effectively treat, prevent, or inhibit disease in the host. 
5 [55] For the treatment of infection, the pharmaceutical preparations of the 

present invention may be administered alone or as adjunct therapy. The compositions may be 
administered with, e.g., antibiotics, anti-viral compounds, anti-flingal compounds, and anti- 
parasitic compounds. When employed to enhance a host's immune response to a tumor 
through immunomodulation, the peptides of the present invention may be administered with a 

10 variety of compounds for the treatment of maUgnancy. When administered as adjunct 

therapy, the compositions of the present invention may be administered in conjunction with 
the other treatment modalities, or separately at different intervals. 

[56] The peptides of the present invention may be synthesized by a variety 
of techniques well knovra in the art. Generally, the peptides will be prepared in solution or 

15" on a solid support by conventional peptide synthesis, including the Merrifield solid state 

peptide synthesis technique. For example, an amino and side chain protected derivative of an 
activated ester of Glx is reacted with side-group protected L-Lys, attached to the solid phase 
as its C-terminus. After elimination of the alpha-amino protecting group, the next amino acid 
_ is added in a similar fashion. Additional amino acids are serially added. The peptides are 

20 cleaved by highly acidic cleavage that also typically removes protecting groups. The 

peptides may then be isolated and lyophilized and stored for future use. Suitable techniques 
of peptide synthesis are described in detail in Stewart and Yoimg, Solid Phase Peptide 
Synthesis. 2d edition. Pierce Chemical Company, 1984; and Tarn et al., J. Am. Chem. Soc, 
105:6442 (1983), both of which are incorporated herein by reference. 

25 [57] Alternatively, hybrid DNA technology may be employed for 

expression of the desired peptide in transformed eukaryotic or prokaryotic host cells. See, for 
example, Maniatis et al., Molecular Cloning, A Laboratory Manual, Cold Spring Harbor 
Laboratory, 1982, incorporated herein by reference. 

[58] The present invention provides methods of using the compositions and 

30 preparations of the present invention. The methods generally comprise administering to the 
host a peptide having the formula R'-Glx-Lys-R" or a pharmaceutically acceptable salt 
thereof, wherein Glx is Glu or Gin; R' is H- or a first amino acid sequence having fewer than 
7 amino acids; R" is -H or a second amino acid sequence having fewer than 7 amino acids; 
and the peptide has a sequence of at least 2 and not more than 9 amino acids. A therapeutic 
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or prophylactic amount of the peptide will typically be administered. Generally either Glx- 
Lys and Thr-Ala-Glx-Glx-Lys will be employed in the claimed methods although other 
peptides may be used. 

[59] The method described above may be employed to modulate the activity 
of a host's immune system. The activity of the immune system may be enhanced or 
suppressed by the claimed methods. Immunological enhancement may occur following 
administration of the peptides to immunosuppressed or immunodeficient hosts. This may be 
employed as a treatment for a variety of primary disease states as well as secondary effects of 
diseases or treatments. For example, primary immunodeficiencies, such as the acquired 
immunodeficiency syndrome (AIDS), DeGeorge's syndrome, severe combined 
immunodeficiency, and the like, may be treated by these methods. Secondary 
immunodeficiencies, such as anergy fi-om tuberculosis, drug-induced leukopenia, non-HIV 
viral illnesses leukopenia, radiation poisoning, toxin exposure, malnutrition, and the like, may 
be treated by immunomodulating the activity of a host's immune system. Enhancement of 
the host's immune system may aid in the therapy of a variety of diseases including, e.g., 
malignancies, infections, and the like. 

[60] Immunomodulation by the methods of the present invention may also 
be employed for the treatment of hyperactive immune states. Such hyperactive immune 
states include, e.g., systemic lupus erythematosis, rheumatic fever, rheumatoid arthritis, 
multiple sclerosis, and the like. Treatment with peptides as described above may restore the 
natural balance to the immune system and lessen or eliminate the immunological reaction to 
host tissue. 

[61] The methods may also be employed for the treatment of a variety of 
infections. These infections include bacterial infections, viral infections, fungal infections, 
and parasitic infections. Typical bacterial infections that may be treated by the methods of 
tiie present invention include, e.g., mycobacterial infections (e.g., tuberculosis, leprosy, 
M. avium, M. intracellular e), gram positive infections (e.g., Staphylococus, Streptococcus, 
and Listeria), gram negative infections (e.g., Pseudomonas), mycoplasma, spirochetal 
infections (e.g., syphilis), and the like. Both aerobic and anaerobic bacteria may be treated by 
the methods of the present invention. 

[62] Viral infections that may be treated by the methods of the present 
invention include HIV-1 and HIV-2, cytomegalovirus, herpes simplex virus Type I and 
Type II, Epstein-Barr virus, HTLV-I and HTLV-II, Marek's disease, hog cholera virus, feline 
sarcoma vims, distemper virus, and the like. Fungal infections, such as, e.g., Candida 
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albicans, Histoplasmosis, Coccidiomycosis, Aspergillosis, and Cryptococcus may be treated 
by the methods of the present invention. Parasitic diseases including, e.g., malaria, 
schistosomiasis, toxoplasmosis, leishmaniasis, and Pneumocystis, may be treated by the 
methods of the present invention. 

[63] As described above, the methods for treating infections will often 
include administration of an appropriate antibiotic, anti-viral compound, anti-fungal 
compoimd, or anti-parasitic compound. Persons of skill will readily appreciate how to make 
the selection of appropriate adjuvant therapy. Often, the methods of the present invention 
will allow for reduction of the dose of the adjuvant anti-infective employed. This may serve 
as a means to reduce or eliminate dose-related complications and side effects. 

[64] The methods of the present invention may also be used to treat atopic 
states. The peptides described above may modulate those components of the immune system 
responsible for allergic reactions. This may provide an effective treatment for diseases such 
as acute allergic reactions, chronic urticaria, and the like. 

[65] A variety of leukocytic disorders may also be treated by the methods of 
the present invention. Such disorders include pre-leukemias, leukemoid reactions, and the 
like. A variety of anemias may be treated by the methods of the present invention. These 
anemias include, acute hemorrhagic anemia, anemias of chronic disease, megaloblastic 
anemias, iron deficiency anemias, hemoglobinopathies, and the like. 

[66] The methods of the present invention may also indirectly enhance 
wound healing. This may occur by reducing local inflammation in the wound site and 
decreasing the risk of infection. 

[67] The following examples are offered by way of illustration and not 

limitation. 

Example 1 

Effect of Immune System of Health Guinea Pigs 
[68] Forty male guinea pigs were used in the following test. Most of the 
animals were treated daily with a single dose (i.m.) of Thr-Ala-Glu-Glu-Lys (HN897) of 
microgram/kg for five days. Control animals were treated with single daily doses of 0.5 mi 
(i.m.) of normal saline. 

[69] Tested parameters: clinical blood examination, non-specific resistance 
by lysosomal cationic test; "active" T-lymphocytes and total T-lymphocytes (E-RFC), B- 
lymphocytes (EAC-RFC) were measured in blood, thymus, lymph nodes, spleen and red 
bone marrow. Blood lymphocyte functional activity was evaluated by leukocyte migration 
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inhibition (LMI) with ConA. Histological examinations of thymus, lymph nodes, spleen and 
red bone marrow. Blood lymphocyte functional activity was evaluated by leukocjlie 
migration inhibition (LMI) with ConA. Histological examinations of thymus, spleen, lymph 
nodes, bone marrow and adrenals were carried out. All of these indicia were measured on 
10th and 20th days after onset of the treatment. 

[70] Principal findings: the peptide stimulates lymphoid cells proliferation 
and differentiation in thymus and bone marrow; on the 1 0th day the predominant 
T- lymphocyte stimulation is observed, on the 20th- both T- and B-lymphocytes. On the 10th 
day after onset of administration, the peptide causes increased level of mitotic activity in 
lymph notes, spleen, and especially bone marrow. 

Example 2 
Effect on Immune System 

[71] Twenty-two male guinea pigs were used in the following test. 

[72] Guinea pigs were exposed to irradiation in a total does IGytarget-skin 
distance - 70 cm; time of exposure - 2 '48" Device: 180 kV; 15 mA; filter 0.5 Cu Treatment: 
i.m. single daily 1 microg. HM897 per kg for 5 days. 

[73] Treatment of controls: normal saline 0.5 ml i.m. single daily for 

5 days. 

[74] Leukocyte and lymphocyte levels were measured in peripheral blood 
on the 7th, 14th, 21st, 36th and 44th day after irradiation. 

[75] Principal findings: the peptide stimulated proliferation of blood 
lymphoid cells resulted in restoration of leukocyte and lymphocyte levels. In controls there 
were no immune cells restoration during all period of observation. 

[76] In a second test 40 male guinea pigs were used, and the same regimen 

was followed. 

[77] There were two controls - irradiated and non-irradiated. Parameters 
were evaluated on the 8th and 21st days after irradiation. Tested parameters: clinical blood 
examination, non-specific resistance by lysosomal cationic test; "active" T-lymphocytes and 
total T-lymphocytes (E-RFC), B-lymphocytes (EAC-RFC) were measured in blood, thymus, 
lymph nodes, spleen and red bone marrow. Blood lymphocyte fimctional activity was 
evaluated by leukocyte migration inhibition (LMI) with ConA. Histological examinations of 
thymus, spleen, lymph nodes, bone marrow and adrenals were carried out. 

[78] Principal findings; the peptide used in irradiated animals accelerates 
T-lymphocyte maturation and their migration to peripheral immune organs in early terms of 
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observation. In the later stage of the study effects were more pronounced in the enhancement 
of proliferation and differentiation in both central and peripheral organs of the immune 
system. Administration restored peripheral blood lymphocytes and neutrophil functional 
activity. 

Example 3 
Effects in Thvxnectomized Guinea Pigs 
[79] Model: Thymectomy (removal of thymus): 30 mongrel male guinea 

pigs. 

[80] Treatment: i.m. single daily 1 microg HN897 per kg for 10 days. 
[81] Treatment of controls: normal saline 0.5 ml i.m. single daily for 
10 days (there were two controls -th5miectomized and sham-operated). 

[82] Parameters were determined on the 15th day after onset of the 

treatment. 

[83] Tested parameters: clinical blood examination, "active" T-lymphocytes 
and total T-lymphocytes (E-RFC), B-lymphocytes (EAC-RFC) were measured in blood, 
thymus, lymph nodes, spleen and red bone marrow. 

[84] Principal findings: the peptide use in th5anectomized animals does not 
stimulate lymphoid cells differentiation, but, on the contrary, does suppress it to some degree. 
Example 4 

Effect on Superficial Receptors Expression on 
T- and B-Lymphocvtes 
[85] Model: A. This work was designed to study the restoration of 
superficial receptors on lymphocytes after proteolytic digestion or after severe secondary 
immunodeficiency. Thymocytes obtained firom guinea-pig were trypsinized and then their 
rosette-forming capacity with rabbit erj^hrocytes (E-RFC) was evaluated. The cells were 
incubated with the peptide in concentrations 1,10 and 100 microg/mi. There were two 
controls - intact thymocytes (not trypsinized) and tr3:psinized thymocytes not incubated with 
the peptide. 

[86] Principal findings: The peptide was the most active in concentration 
10 microg/mi - its biological activity made up 78/9% (percentage of rosette-forming capacity 
restoration). 

[87] B: B-lymphocytes were obtained from patients with streptococcal and 
staphylococcal skin disease showed highly pronounced secondary immunodeficiency. The 
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number of cells carrying Ig-receptors before and after incubation with the peptide has been 
measured (by means for FITC-labelled sera against human Ig). 

[88] Principal findings: the peptide in concentration 1 microg/mi causes 
significant increase of cells carrying Ig-receptors of different types. 

Example 5 
Erythropoietic Effects 

[89] This test was designed to study posthemorrhagic anemia (acute blood 
loss caused by taking blood firom retroorbital sinus), and hemolytic anemia induced by 
phenylhydrazine hydrochloride (120 mg active ingredients/kg 30 Balb/c-mice and 30 CBA- 
mice). 

[90] HM897 was injected intraperitoneally in doses of 100 and 150 microg 
per kg, 3 hours and 1 day after intervention modelling anemia, for 5 days. 

[91] Tester parameters: RBC, leukocytes, reticulocytes, Hb, Hct 

[92] Principal findings: 1. in posthemorrhagic anemia the most 
pronounced alternations of tested parameters were observed on 4th-5th day after the invasion: 
erythrocytes dropped to 4.2 mln/ml vs. 6.2 mln/ml in control, reticulocytes, rose 3 times, 
leukocytes were also increased. After hg administration, on the 6th day, RBC count rose up 
to 7.1 mln/ml; Hb level and plasma/formed elements ration restoration were more rapid. The 
peptide was the most effective in dose 150 microg/kg. 

[93] 2. In hemolytic phenylhydrazine-induced anemia the most pronounced 
hemodepression has arisen on the 7th day. RBC dropped to 3.8 mln/ml, Hb was diminished 
by 15%, reticulocytes have grown up to 15%. On the 3rd day of administration erjrthrocytes 
have increased up to 7.2 mm/ml and remained on this level in later terms. Thus, the peptide 
has erythropoietic effect in anemias of different genesis. 

Example 6 
Influence on Colony-Forming Activity 

[94] This test is designed to study macrophage precursors. Cultured cells 
used were guinea-pig myelokaryocytes. HM897 was added to cell culture in concentrations 
1.0, 0.001, 0.00001 and 0.0000001 microg/ml. 

[95] The peptide stimulates macrophage precursors colony-forming activity 
in concentration starting form 0.0000001 microg/ml. 
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Example 7 
Hemostimulating Effect 
[96] The test was designed to study hemodepression induced by 5- 
fluorouracil injected i.p. in a dose 175 mg per kg (172 male CBA-mice). Treatment: peptide 
HM897 was administered i.p. starting from 4th day after 5-FU injection in doses 0.00001, 
0.001, 0.01, 1.0 mg/kg for 5 days. 

[97] Treatment of controls: normal saline i.p. for 5 days. 
[98] Tested parameters: peripheral blood count and bone marrow 
differential count. 

[99] Principal findings: The peptide use promotes active restoration of 
hemopoiesis. This resulted in normalization of leukocytes and all CBC parameters. In bone 
marrow the peptide causes restoration of cellularity normalization of all lines of hemopoiesis. 
The peptide was active starting form 0.001 mg/kg. 
Example 8 

[1 GO] This example demonstrates the effectiveness of the pharmaceutical 
preparations containing the peptide Glu-Lys (EK) for the treatment of infection. Mice 
inoculated with lethal doses of methicillin resistant Staphylococcus aureus were shown to 
have markedly enhanced survival when treated with the pharmaceutical preparation. 

[101] Animals were inoculated intraperitoneally with 1 0 x LD50 of a 
Staphylococcus aureus suspended in brain-heart infusion broth containing 5 percent mucin. 
Ampicillin was administered s.c, i.p., or p.o., one hour following bacterial inoculation and 
deaths occurring during the subsequent three days are recorded. The infecting organisms 
were Ampicillin-resistant. If significant prevention of mortality (>50 percent survival) was 
observed, the minimum effective dose (MED) was determined. 

[102] Previous studies using methicillin-resistant S. aureus (MR) revealed 
that the MED for Ampicillin is much greater than 100 mg/kg for s.c. administration in the 
hour subsequent to inoculation. 

[103] Two control experiments were initially conducted. EKwas 
administered as a pretreatment prior to microbial inoculation. No antibiotic was administered 
to this group. The number of survivors at 72 hours was determined. In the second control 
experiment, saline was administered in the pretreatment regimen, and Ampicillin was 
administered i.p., at the MED, in the hour following inoculation with the microbe. No EK 
was administered. The number of survivors at 72 hours was recorded. The influence of EK 
on survival in the presence of Ampicillin, and in the absence of Ampicillin, after 

15 



administration of S. aureus was determined by conducting experiments in the following 
manner. 

[104] EK was administered in a pretreatment regimen protocol to all animals 
except the control groups receiving saline alone or ampicillin and saline. The influence of 
EK was determined over a range of concentrations of 10, 100, and 1000 ng/kg with single 
daily i.p. administrations for 3 days after which the mice were administered the normally 
lethal 10 X LD50 S. aureus. Survival statistics were determined over the periods of 12, 24, 
36, 48, and 72 hours. The potential synergistic activity between EK and Ampicillin was 
determined by administering EK in the pretreatment period, and then 1 hour after inoculum 
administering Ampicillin. Survival statistics were determined over the periods 12, 23,36, 48, 
and 72 hours. Fig. 1 illustrates the experimental protocol. 

[1 05] Intraperitoneal administration of S. aureus at 1 0 times the LD50 
resulted in rapid deterioration of animals due to acute peritonitis. All animals in the control 
group receiving saline alone perished, and the efficacy of EK was determined by comparisons 
of groups treated with EK to controls receiving saline alone or Ampicillin and saline. 

[1 06] Bacterial culture experiments revealed that EK provides no inhibitory 
nor suppressive activity on microbial growth over the range of concentrations exceeding 1000 
times the administered dose to animals. 

[107] The results are summarized in Tables 1-5. Animals administered EK 
were protected. In the control group there were no survivors at 24 hours. In marked contrast, 
as many as 78% of the EK treated groups survived at 36 hours. The effect of 
co-administration of Ampicillin resulted in at least 88% survival at 36 hours compared to 
only 28% survival if Ampicillin was administered alone. Fig. 2 illustrates this data. By 
72 hours at least 27% of the animals receiving only EK were alive, and at least 77% were 
alive if treated with both Ampicillin and EK. 

[108] Administration of EK to mice who are subsequently inoculated with a 
normally lethal i.p. dose of ^S". aureus results in a dramatic improvement in survival. 
Moreover, the administration of Ampicillin to mice pre-treated with EK results in a fiirther 
3-fold increase in survival as compared to either treatment with Ampicillin or EK alone. If 
neither peptide or Ampicillin was administered, all animals died. These results are 
summarized in Tables 1 - 5 below. Figs. 3 and 4 graphically illustrate the efficacy of 
treatment of infections with EK. 
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Test 
article 


Dose 
Cmcg/kg) 


Total 


Deaths 


Survivors 


Survival 
(%) 


Chi-square statistics , 
compared to: 
Control AA CD 


Control 


- 


18 


4 


14 


77.78 


- 


- 


- 


EK 


10 


18 


0 


18 


100.00 


P<0.05 


n/s 


- 


EK 


100 


18 


2 


16 


88.89 


n/s 


n/s 




EK 


1000 


18 


1 


17 


94.44 


n/s 


n/s 




Amp 


MED 


18 


0 


18 


100.00 


P<0.05 






EK Amp 


10 


18 


0 


18 


100.00 


P<0.05 


n/s 


n/s 


EK Amp 


100 


18 


0 


18 


100.00 


P<0.05 


n/s 


n/s 


EK Amp 


1000 


18 


0 


18 


100.00 


P<0.05 


n/s 


n/s 



Test 
article 


Dose 
(mcg/kg) 


Total 


Deaths 


Survivors 


Survival 
(%) 


Chi-square statistics 

compared to: 

Control AA CD 


Control 




18 


18 


0 


0.00 








EK 


10 


18 


5 


13 


72.22 


P<0.001 


n/s 




EK 


100 


18 


5 


13 


72.22 


P<0.001 


n/s 




EK 


1000 


18 


1 


17 


94.44 


P<0.001 


P<0.05 




Amp 


MED 


18 


9 


9 


50.00 


P<0.05 






EKAmp 


10 


18 


1 


17 


94.44 


P<0.001 


P<0.05 


n/s 


EK Amp 


100 


18 




17 


94.44 


P<0.001 


P<0.05 


n/s 


EKAmp 


1000 


18 


0 


18 


100.00 


P<0.001 


P<0.05 


n/s 
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Table 3. Survival Statistics 36 HOURS After Inoculation with S. aureus 


Test 
article 


(mcg/kg) 


Total 


Deaths 


Survivors 


Survival 
(%) 


Chi-square statistics 

compared to: 

Control AA CD 


Control 


- 


18 


18 


0 


0.00 


- 


- 


- 


EK 


10 


18 


9 


9 


50.00 


P<0.05 


n/s 


- 


EK 


100 


18 


9 


9 


50.00 


P<0.05 


n/s 




EK 


1000 


18 


4 


14 


77.78 


P<0.0()1 


P<0.05 




Amp 


MED 


18 


13 


5 


27.78 


P<0.05 






EK Amp 


10 


18 


2 


16 


88.89 


P<0.001 


P<0.001 


P<0.05 


EK Amp 


100 


18 


2 


16 


88.89 


P<0.001 


P<0.001 


P<0.05 


EK Amp 


1000 


18 


0 


18 


100.00 


P<0.001 


P<0.001 


P<0.05 





Table 4. Survival Statistics 48 HOURS After Inoculation with S. aureus 


Test 
article 


Dose 
(mcg/kg) 


Total 


Deaths 


Survivors 


Survival 
(%) 


Chi-square statistics 
compared to: 
Control AA 


CD 


Control 




18 


18 


0 


0.00 








EK 


10 


18 


13 


5 


27.78 


P<0.05 


n/s 




EK 


100 


18 


13 


5 


27.78 


P<0.05 


n/s 




EK 


1000 


18 


10 


8 


44.44 


P<0.05 


n/s 




Amp 


MED 


18 


13 


5 


27.78 


P<0.05 






EKAmp 


10 


18 


4 


14 


77.78 


P<0.001 


P<0.05 


P<0.05 


EK Amp 


100 


18 


4 


14 


77.78 


P<0.001 


P<0.05 


P<0.05 


EK Amp 


1000 


18 


2 


16 


88.89 


P<0.001 


P<0.001 


P<0,05 
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1 Table 5. Survival Statistics 72 HOURS After Inoculation with S. aureus 


Test 
article 


Dose 
(mcg/kg) 


Total 


Deaths 


Survivors 


Survival 
(%) 


Chi-square statistics 

compared to: 

Control AA CD 


Control 




18 


18 


0 


0.00 


- 


- 


- 


EK 


10 


18 


13 


5 


27.78 


P<0.05 


n/s 


- 


EK 


100 


18 


13 


5 


27.78 


P<0.05 


n/s 




EK 


1000 


18 


11 


7 


38.89 


P<0.05 


n/s 




Amp 


MED 


18 


13 


5 


27.78 


P<0.05 






EK Amp 


10 


18 


4 


14 


77.78 


P<0.001 


P<0.05 


P<0.05 


EK Amp 


100 


18 


4 


14 


77.78 


P<0.001 


P<0.05 


P<0.05 


1 EK Amp 


1000 


18 


2 


16 


88.89 


P<0.001 


P<0.001 


P<0.05 



Example 9 

[1 09] This example demonstrates the efficacy of pharmaceutical preparations 
containing the peptide Thr-Ala-Glu-Glu-Lys (HN897) for the treatment of infection,. Mice 
5 inoculated v^ith lethal doses of methicillin-resistant Staphylococcus aureus were shown to 
have markedly enhanced survival when treated with the pharmaceutical preparation, although 
HM897 alone appears to have no measurable specific antibiotic activity (MIC values > 1000) 
in petri culture experiments. 

[1 1 OJ As in Example 8, animals were inoculated intraperitoneally with 1 0 x 

1 0 LD50 of a methicillin-resistant S. aureus suspended in brain-heart infusion broth containing 
5 percent mucin. Different treatments were administered s.c, i.p, or p.o., one hour later and 
deaths occurring during the subsequent three days were recorded. If significant prevention of 
mortality ( > 50 percent survival) was observed, the minimum effective dose (MED) was 
determined. As described above, in S. aureus (MR), the MED for Ampicillin is much greater 

15 than 100 mg/kg for s.c. administration in the hour subsequent to inoculation. 

[Ill] Two control experiments were conducted. HM897 was administered 
as a pretreatment prior to microbial inoculation, and saline was administered i.p. The number 
of survivors at 72 hours was determined. In the second control experiment, saline was 
administered in the pretreatment regimen, and Ampicillin was administered i.p., at the MED, 

20 in the hour following inoculation with microbe. The number of survivors at 72 hours was 
recorded. The influence of HM897 on survival in the presence of Ampicillin, and in the 
absence of Ampicillin, after administration ofS. aureus (MR), was determined as follows. 
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[01] HM897 was administered in a pretreatment regimen protocol to all 
animals except the control groups provided with either saline alone or Ampicillin and saline. 
The effect of HM897 treatment was determined over a range of concentrations of 10, 100, 
and 1000 ^ig/kg with single daily i.p. administrations for 3 days after which the mice were 
administered the normally lethal 10 x LD50 S. aureus. Survival statistics were determined 
over the periods of 12, 24, 36, 48, and 72 hours. The potential synergistic activity between 
HM897 and ampicillin was determined by administering HM897 in the pretreatment period, 
and administering ampicillin 1 hour following the microbial inoculum. Survival statistics 
were determined over periods of 12, 23, 36, 48, and 72 hours. The method of conducting the 
experiment is illustrated in Fig. 5. 

[1 13] Administration of 1 0 times the LD50 inoculum resulted in rapid 
deterioration of animals due to acute peritonitis. All animals in the control group receiving 
saline alone died and the efficacy of HM897 treatment was determined by comparisons of 
HM897-treated groups to saline and ampicillin treated control groups in which no HM897 
was administered. 

[114] The results of the experiment are summarized in Tables 6-10 below. 
Animals receiving HM897 exhibited increased survival. In the control group receiving saline 
alone, there were less than 6% survivors by 24 hours, and no survivors by 36 hours. As many 
of 61 percent of the HM897-treated groups at 36 hours. The effect of co-administration of 
Ampicillin resulted in 77% to 94% survival at 36 hours compared to only 28% survival in the 
group receiving ampiciUin alone. By 72 hours 22-39% of the animals receiving HM897 
alone were alive, and 72-94% survived if treated with ampicillin and HM897. 

[115] Administration of HM897 to mice that are subsequently inoculated 
with a normally lethal i.p. dose of 5*. aureus provided a dramatic improvement in survival. 
Moreover, the administration of ampicillin to mice pre-treated with HM897 resulted in a 
further 2- fold increase in survival as compared to either Ampicillin or HM897 administration 
alone. If neither HM897 or ampicillin were administered, all animals died. Figs. 6-8 below. 
Comparison of Figs. 7 and 8 reveal dramatic differences in survival for mice that received co- 
administration of Ampicillin in a single dose accompanying HM897 administration. This 
demonstrates a dramatic synergistic effect between HM897 and ampicillin. 
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Test 
article 


Dose 
(mcg/kg) 


Total 


Deaths 


Survivors 


Survival 
(%) 


Chi-square statistics 1 

compared to: 

Control AA CD 


1 Control 


- 


18 


4 


14 


77.78 








HM897 


10 


18 


0 


18 


100.00 


P<0.05 






HM897 


100 




0 


18 


100.00 


P<0.05 


n/s 


- 


HM897 


1000 


18 


1 


17 


94.44 


n/s 


n/s 




Amp 


MED 


18 


0 


18 


100.00 


P<0.05 






nivioi' / 

Amp 


10 


18 


0 


18 


100.00 


P<0.05 


n/s 


n/s 


HM897 
Amp 


100 


18 


0 


18 


100.00 


P<0.05 


n/s 


n/s 1 


HM897 
Amp 


1000 


18 


1 


178 


94.44 


n/s 


n/s 


n/s 1 



Test 
article 


Dose 
(mcg/kg) 


Total 


Deaths 


Survivors 


Survival 
(%) 


Chi-square statistics 
compared to: 

Control AA CD 


1 Control 




18 


17 


1 


5.56 








HM897 


10 


18 


5 


13 


72.22 


P<0.001 


n/s 




HM897 


100 


18 


3 


15 


83.33 


P<0.001 


P<0.05 




HM897 


1000 


18 


2 


16 


88.89 


P<0.001 


P<0.05 




Amp 


MED 


18 


9 


9 


50.00 


P<0.05 






HM897 
Amp 


10 


18 


2 


16 


88.89 


P<0.001 


P<0.05 


n/s 


HM897 
Amp 


100 


18 


1 


17 


94.44 


P<0.001 


P<0.05 


n/s 


HM897 
Amp 


1000 


18 


1 


17 


94.44 


P<0.001 


P<0.05 


n/s 
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Table 8. Survival Statistics 36 HOURS After Inoculation with S. aureus 



article 


Dose 
(mcg/kg) 


Total 


Deaths 


Survivors 


Survival 
(%) 


Chi-square statistics 
compared to: 
Control AA 


CD 


Control 


- 


18 


18 


0 


0.00 








HM897 


10 


18 


12 


6 


33.33 


P<0.001 




- 


TJA/TOOT 

xijvioy / 


100 


18 


8 


10 


55.56 


P<0.001 


n/s 




HM897 


1000 


18 


7 


11 


61.11 


p<o.obi 


P<0.05 




Amp 


MED 


18 


13 


5 


27.78 


P<0.05 




_ 


HM897 
Amp 


10 


18 


4 


14 


77.78 


P<0.001 


P<0.05 


P<0.05 


HM897 
Amp 


100 


18 


1 


17 


94.44 


P<0.001 


P<0.001 


P<0.05 


HM897 
Amp 


1000 


18 


2 


16 


88.89 


P<0.001 


P<0.001 
























Table 9. Survival Statistics 48 HOURS After Inoculation with S. aurpu.^ 


===== 


Test 
article 


Dose 
(mcg/ks) 


Total 


Deaths 


Survivors 


Survival 
(%) 


Chi-square statistics compared 
to: 

Control AA CD 


Control 




18 


18 


0 


0.00 








PIM897 


10 


18 


14 


4 


22.22 


P<0.05 


n/s 




rliVloy / 


100 


18 


12 


6 


33.33 


P<0.05 


n/s 




HM897 


1000 


18 


11 


7 


38.89 


P<0.05 


n/s 




Amp 


MED 


18 


13 


5 


27.78 


P<0.05 






HM897 
Amp 


10 


18 


5 


13 


72.22 


F<0.001 


P<0.05 


P<0.05 


HM897 
Amp 


100 


18 


1 


17 


94.44 


P<0.001 


P<0.001 


P<0.001 


HM897 
Amp 


1000 


18 


3 


15 


83.33 


P<0.001 


P<0.05 


P<0.05 
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Table 10. Survival Statistics 72 HOURS After Inoculation with S. aureus 



Test 
article 


Dose 
(mcg/kg) 


Total 


Deaths 


Survivors 


Survival 
(%) 


Chi-square statistics compared 
to: 

Control AA CD 


Control 




18 


18 


0 


0.00 








HM897 


10 


18 


14 


4 


22.22 


P<0.05 


n/s 




HM897 


100 


18 


12 


6 


33.33 


P<0.05 


n/s 


- 


HM897 


1000 


18 


1 1 


7 


38 89 


P<0.05 


n/s 




Amp 


MED 


18 


13 


5 


27.78 


P<0.05 






HM897 
Amp 


10 


18 


5 


13 


72.22 


P<0.001 


P<0.05 


P<0.05 


HM897 
Amp 


100 


18 


1 


17 


94.44 


P<0.001 


P<0.001 


P<0.001 


HM897 
1 Amp 


1000 


18 


3 


15 


83.33 


P<0.001 


P<0.05 


P<0.05 


Example 10 







[116] This example demonstrates the augmentation of a vaccine by 
administration of a peptide Thr-Ala-Glu-Glu-Lys (HM897). Administration of HM897 
following vaccination provided enhanced protection against infection. 

[117] The present investigation was performed in hatchling fish. In these 
animals, the lymphoid system is poorly developed, with demonstrable immune incompetence. 
Hatchlings exposed to certain antigens prior to maturation, instead of responding by 
producing antibodies, are blocked with the induction of "negative" immunity, failing to 
subsequently respond to antigen stimulation. The effects of such blocking may last several 
weeks, with a subsequent loss of memory resulting in more mature fish that are highly 
susceptible to future infection. 

[118] A number of non-specific factors have been observed in the fish ova, 
including C-reactive protein-like precipitins, and lecithin-hke agglutinins, and some fish 
immunoglobulins (Ig) suggesting that passive immunity may be provided by the parent in 
some species offish. Passive immunity has not been observed in salmonids. 

[1 19] The major lymphoid organs in teleost fish are the thymus, kidney, and 
spleen. The thymus is composed of developing lymphocytes, and as in other vertebrates, it is 
regarded as the pool of virgin lymphocytes which subsequently emigrate to join the pool of 
peripheral cells of the circulation and lymphoid organs. 
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[120] The thymus is the first lymphoid organ to develop lymphocytes in 
hatchlings, and in rainbow trout, the fully differentiated thymus is separated from the external 
environment only by a single layer of epithelial cells, which possess pores up to 20 ^m in 
diameter. These epithelial fenestrations are observed to close in older fish. 
5 [121] Lymphoid cells first appear in the blood and lymphoid trout within 

3 days of hatching. The rate of growth of the lymphoid tissues exceeds the rest of the body's 
rate of growth in the first few weeks of life. The weight of the lymphoid organs relative to 
the body weight teaches a peak at 2 months of age when the trout are normally 0.5 grams; 
thereafter the relative weights diminish. An intense period of mitotic activity occurs within 
10 the thymus during these first few months. Thymic involution appears to occur after 
approximately 9 months. 
= [122] Morphologically identifiable lymphocytes are seen in early hatchlings, 

and the T- and B-lymphocytes develop at different speeds. The majority of cells have no 
surface immunoglobulins prior to 48 days, and the abihty to produce antibody prior to this 
15 age is unlikely. This suggests that B-cells and T-suppressors become fimctionally active at 
" about 4 weeks of age, and T-helper cell functions mature later at about 8 weeks of age. 
; J [123] In the present investigation, fish were obtained and inoculated at 

. approximately 12 weeks of age. Immunologic studies were conducted under a variety of 
- conditions in which fish were provided with vaccination to observe vaccine augmentation, 
20 and mder conditions in which no vaccine was provided prior to inoculum. The effects of 

exposure time, HM897 concentration, and vaccine on mortalities relative to control studies in 
which no HM897 was administered provided data for analysis of the immunologic effect of 
HM897. 

[124] A study was carried out by Bio-Research Laboratories (BRL) to 
25 determine if HM897 possesses immune enhancing properties using a fish disease model. The 
study was conducted using Rainbow trout (Oncorhynchus mykiss) to compare the effects of a 
standard fish vaccine to the protection provided by varying dosages of HM897. The fish 
were challenged with Vibrio anguillarum (V-775), a bacteria that causes fatal vibriosis, 
typically 3-5 days following pathogen exposure 
30 [125] Rainbow Trout (Oncorhynchus mykiss) weighing approximately 

5 grams were used as test organisms. The fish were obtained fi-om Cran-Mar Trout Farm. 
Upon arrival at BRL's facility, the fish were quarantined for a minimum of seven days, and 
observed to be disease free. During this period, the fish were held at a stable temperature. 
There was consistent water quality in an aerated flow-through system with a flow rate of 
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approximately 30 liters per hour. During the holding period the fish were observed daily for 
signs of disease, stress, injury, hemorrhaging, and external parasite. The fish were not fed 
48 hours prior to testing. 

[126] BRL's facilities included an area for holding and acclimating fish 
while providing a constant temperature of (16 ± 2°C) using carbon filtered tap water. The air 
used for aeration was fi-ee of oil and fumes. The test fish were shielded from any 
disturbances. The facility was well ventilated and free of fumes. There was a 16-hour light 
and 8-hour dark photoperiod. Special care was taken to prevent contamination of the fish 
holding tanks. 

[127] The test holding chambers were located in a special room with the 
temperature remaining constant at 12 ± 1°C. Each test chamber was Il"x21"xl0". The test 
chambers were cleaned thoroughly before using. A standard cleaning procedure was 
followed. Detergent or acetone was used to remove organic compounds; 5% concentration of 
nitnc acid was used to remove metals and bases; and 200 mg hypochlorite/L was used for 
disinfection. Finally, the test chambers were rinsed with dilution water before the start of the 
test. 

[128] The Rainbow trout used in this study weighed an average of 5 grams. 
The fish were divided into 21 groups with 50 fish per group. Each group of 50 fish was 
maintained in twa 10-gallon tanks (25 fish/tank) 

[129] The dosage level for the challenge bacteria Vibrio anguillarum 
(V-775) was determined by running multiple levels of bacterial dilutions designed to kill 25 
to 100% of unvaccinated fish (LD25 to LDIOO). The level of bacterial dilution to achieve a 
LD75 (the level designed to kill 75% of the non- vaccinated fish) was a dilution of 10"^ to 10"^ 
The challenge bacteria were grown for 48 hours at 25°C in trypticase soy broth. The 10"* 
dilution was made fi-om this broth in 0.9% saline. All fish excepting the control group that 
received no bacterial challenge were inoculated 7 days after exposure to HM897. 

[01] HM897 was provided as a powder. The following concentrations of 
HM897 were made per each 38 L tank; 2.5 ^g/38L, 10 Mg/38L, 25 |xg/38L, 50 ng/38L, 
75 ng/38L, 100 ng/38L, 150 |ig/38L, and 250 tig/38L. 

[131] Rainbow trout hatchling were exposed to the concentration of HM897 
as described below. Same of the fish had been vaccinated while others had received no 
vaccination. In each tank, fifty vaccinated or unvaccinated fish were exposed far a period of 
5 minutes to HM897, and then removed and placed in an assigned tank according to the 
group number. 
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[132] The positive control group (III) received a vaccine made from Vibrio 
anguillarum (V-775). This was made through a fermentation and extraction process in the 
BRL laboratory facility and is equivalent to the aquaculture industry standard vibrio vaccine. 

[133] All groups scheduled to be challenged with the Vibrio anguillarum 
5 bacterium were challenged at the LD75 dilution on day seven of the experiment by i.p. 
injection of 0.1 mL of lO"'* bacterial dilution. The fish were observed daily for mortalities. 

[134] The experimental groups were as follows: 

Group I: 

[135] Fifty imvaccinated fish were placed in Group I, and observed for three 
10 weeks. These fish did not receive treatment with HM897 and were not challenged with 
bacteria. 
Group II; 

[136] Fifty unvaccinated fish were exposed to 10"^ dilution of Vibrio 
anguillarum (V-775) on day 7 of the experiment and observed for mortahty. This group was 
1 5 not vaccinated and did not receive HM897. 
Group III: 

Z; [137] Fifty fish were vaccinated on day one and exposed to 1 0"^ dilution of 

Vibrio anguillarum (V-775) on day 7 day of the experiment. The fish were not treated with 
HM897. 
20 _ Group rVa: 

[01] On day one, fifty vaccinated fish were allowed to swim in a tank 
containing 38 liters of water with 2.5 jig of HM897 for 5 minutes and then they were placed 
in the tanks marked Group IVa. On day 7 the fish were exposed to 10"^ dilution of Vibrio 
anguillarum (V-775) and observed for mortality. 
25 Group IVb: 

[139] On day one, fifty vaccinated fish were allowed to swim in a tank 
containing 38 liters of water with 10 \ig of HM897 for 5 minutes and then they were placed in 
the tanks marked Group IVb. On day 7 the fish were exposed to dilution of Vibrio 
anguillarum (V-775) and observed for mortality 
30 Group IVc: 

[140] On day one, fifty vaccinated fish were allowed to swim in a tank 
containing 38 liters of water with 50 ixg of HM897 for 5 minutes and then they were placed in 
the tanks marked Group IVc. On day 7 the fish were exposed to 10"^ dilution of Vibrio 
angiuillarum (W-llS) and observed for mortality. 
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Group IVd: 

[141] On day one, fifty vaccinated fish were allowed to swim in a tank 
containing 38 liters of water with 100 jxg of HM897 for 5 minutes and then they were placed 
in the tanks marked Group IVd. On day 7 the fish were exposed to lO"'* dilution of Vibrio 
5 anguillarum (V -775) and observed for mortality. 
Group Va: 

[142] On day one, fifty unvaccinated fish were allowed to swim in a tank 
containing 38 liters of water with 10 |a,g of HM897 for 5 minutes and then they were placed in 
the tanks marked Group Va. On day 7 the fish were exposed to 10"^ dilution of Vibrio 
10 anguillarum (V-775) and observed for mortality 
Group Vb: 

[143] On day one, fifty unvaccinated fish were allowed to swim in a tank 
containing 38 liters of water with 25 {xg of HM897 for 5 minutes and then they were placed in 
the tanks marked Group Vb. On day 7 the fish were exposed to 10"^ dilution of Vibrio 
15 anguillarum (V-775) and observed for mortality. 
Group Vc: 

[144] On day one, fifty unvaccinated fish were allowed to swim in a tank 
containing 38 liters of water with 75 |a,g of HM897 for 5 minutes and then they were placed in 
the tanks marked Group Vc. On day 7 the fish were exposed to 10"^ dilution of Vibrio 
20 anguillarum (V-775) and observed for mortality. 
Group Vd: 

[145] On day one, fifty unvaccinated fish were allowed to swim in a tank 
containing 38 liters of water with 150 p-g of HM897 for 5 minutes and then they were placed 
in the tanks marked Group Vd, On day 7 the fish were exposed to 10"^ dilution of Vibrio 
25 anguillarum (V-775) and observed for mortality. 
Group Ve: 

[146] On day one, fifty unvaccinated fish were allowed to swim in a tank 
containing 38 liters of water with 250 ug of HM897 for 5 minutes and then they were placed 
in the tanks marked Group Ve. On day 7 the fish were exposed to 10"^ dilution of Vibrio 
30 anguillarum (V-775) and observed for mortality. 

[147] All of the groups were observed for a period of twenty-one days, and 
the effect of the treatments were evaluated based on the number of fish mortalities. The 
groups are summarized in Table XI- 1 below. 
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Table XI- 1 : Summary of Experimental Design for HM897 and Retromedine™ 
Immunologic Studies in Rainbow Trout. 


Group 


Vaccinated 
Day 1 


Test Article 


Test Article 
p.g38 liters 
Day 1 


Inoculated 
LD75 
Day 7 


Number of 
Fish 


I 


no 


none 


none 


no 


50 


II 


no 


none 


none 


yes 


50 


III 


yes 


none 


none 


yes 


50 


IVa 


yes 


HM897 


2.5 


yes 


50 


IVb 


yes 


HM897 


10 


yes 


50 


IVc 


yes 


HM897 


50 


yes 


50 


IVd 


yes 


HM897 


100 


yes 


50 


Va 


no 


HM897 


10 


yes 


50 


Vb 


no 


HM897 


25 


yes 


50 


Vc 


no 


HM897 


75 


yes 


50 


Vd 


no 


HM897 


150 


yes 




Ve 


no 


HM897 


250 


yes 


50 



[148] The bacterial challenge (Vibrio anguillarum, V-775) dilution levels 
and daily accumulated mortalities are shown in Table XI-2. The results of this experiment 
established the LD75 of the challenge bacterial. Each group of fifteen fish were challenged 
with bacterial dilution of 10'^, 10'^, 10"^, or 10'^. Nine days after injection of the bacterial 
dilutions the accumulated mortalities were as follows: 

[149] At 10'^ bacterial dilution 14 fish were dead (93.3% mortality). 
[1 50] At 1 0"^ bacterial dilution 1 3 fish were dead (86.7% morality) 
[151] At 10"^ bacterial dilution 10 fish were dead (66.7% mortality) 
[152] At 10"^ bacterial dilution 10 fish were dead (66.7% mortality). 
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Table XI-2: Cumulative Mortalities for Rainbow Trout Inoculated with Vibrio anguillarum LD75 
Determination. 



Group 


Dilation 


Number 
of Fish 


06/30 


07/01 


07/02 


07/03 


07/04 


07/05 


07/06 


07/07 


07/08 


07/09 


1 


10-2 


15 


0 


0 


14 


14 


14 


14 


14 


14 


14 


14 




























2 


10-3 


15 


0 


0 


6 


9 


13 


13 


13 


13 


13 


13 




























3 


10-4 


15 


0 


0 


0 


5 


9 


10 


10 


10 


10 


10 




























4 


10-5 


15 


0 


0 


0 


4 


7 


10 


10 


10 


10 


10 



[153] The daily accumulated mortalities are shown in Table XI-3. The 
number of the mortalities for each group were as follows: 

[154] Group I: This group had no mortalities. 

[155] Group II: Thirty-one fish died from bacterial infection (62% 



mortality), 
mortality), 
mortality). 

mortality), 
mortality), 
mortality), 
mortality), 
mortality). 



[156] Group III: Fifteen fish died from bacterial infection (30% 

[157] Group IVa: Thirteen fish died from bacterial infection (26%» 

[158] Group IVb: Seven fish died from bacterial infection (14% mortality) 

[159] Group IVc: Ten fish died from bacterial infection (20% mortality) 

[160] Group IVd: Seventeen fish died from bacterial infection (34% 

[161] Group Va: Thirty-three fish died from bacterial infection (66% 

[162] Group Vb: Thirty-tree fish died from bacterial infection (66% 

[163] Group Vc: Thirty-four fish died from bacterial infection (68% 

[164] Group Vd: Thirty-two fish died from bacterial infection (64% 
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[165] Group Ve: Thirty-four fish died from bacterial infection (68% 

mortaUty) 



Table XI-3: Summary Cumulative Mortalities for HM897 Influence on Rainbow Trout 
Infected with Vibrio an^uillarum 



Day 
Group 


1 


2.10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


^fotai ~ 

IVIort3.1itiGS 


I 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


II 


0 


0 


0 


0 


22 


27 


29 


31 


31 


31 


31 


31 


31 


31 


III 


0 


0 


0 


0 


8 


14 


14 


15 


15 


15 


15 


15 


15 


15 


IVa 


0 


0 


0 


0 


1 


7 


10 


13 


13 


13 


13 


13 


13 


13 


IVb 


0 


0 


0 


0 


1 


5 


6 


6 


7 


7 


7 


7 


7 


7 


IVc 


0 


0 


0 


0 


1 


5 


10 


10 


10 


10 


10 


10 


10 


10 


IVd 


0 


0 


0 


0 


8 


15 


16 


17 


17 


17 


17 


17 


17 


17 


Va 


0 


0 


0 


0 


16 


24 


28 


33 


33 


33 


33 


33 


33 


33 


Vb 


0 


0 


0 


0 


18 


25 


32 


33 


33 


33 


33 


33 


33 


33 


Vc 


0 


0 


1 


1 


21 


29 


32 


33 


34 


34 


34 


34 


34 


34 


Vd 


0 


0 


0 


0 


14 


23 


28 


32 


32 


32 


32 


32 


32 


32 


Ve 


0 


0 


0 


0 


14 


25 


30 


32 


34 


34 


34 


34 


34 


34 



Table XI-4: Summary of Results Trout Mortalities 


Group 


Vaccinated 
Day 1 


Test 
Article 


Test Article 
|ag38 liters 
Day 1 


Inoculated 
LD75 
Day 7 


Total 

Mortalities 


Percent 
Mortalities 


I 


no 


None 


none 


no 


0 


0 


II 


no 


Nine 


none 


yes 


31 


62 


III 


yes 


Vaccine 


none 


yes 


15 


30 


IVa 


yes 


HM897 


2.5 


yes 


13 


26 


IVb 


yes 


HM897 


10 


yes 


7 


14 


IVc 


yes 


HM897 


50 


yes 


10 


20 


IVd 


yes 


HM897 


100 


yes 


17 


34 


Va 


no 


HM897 


10 


yes 


33 


66 i 


Vb 


no 


HM897 


25 


yes 


33 


66 j 


Vc 


no 


HM897 


75 


yes 


34 


68 


Vd 


no 


HM897 


150 


yes 


32 


64 i 


Ve 


no 


HM897 


250 


yes 


34 


68 i 



[1 66] Vibrio anguillarum (V-775) was used as challenge bacteria at to 1 0"^ 
dilution. The bacterial challenge study (Table XI-2) revealed that lO"^ and 10"^ of the 
bacterial dilutions can kill about 75% of the infected fish (LD75). The 10"^ dilution was 
selected as a LD75 bacterial dilution. 
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[167] Group I, without any treatment and with no bacterial challenge, had no 
mortalities. This confirmed that the fish were in good health. Adequate filtration and 
aeration were provided to maintain a suitable environment far the fish. 

[168] No mortalities in Group I and 62% mortalities in Group II clearly 
indicate that all the mortalities were related to the bacterial infection (Table XI-4). The 
bacterial dilution was predicted to kill about 75% of the fish, and the actual mortality of 
control group (Group II) was 62%. 

[169] A typical commercial vaccine usually affords 60% to 70% protection. 
The vaccinated group (Group III) showed 30% mortalities and therefore provided 70% 
protection against the challenge bacteria. 

[01] The fish in groups IVa, IVb, IVc, and IVd were vaccinated and then 
each exposed to a different concentrations of HM897 for 5 minutes. Each group reveals a 
different level of protection against the challenge bacteria. The fish in Group IVb with 10 |ig 
of HM897 in 38 liters for 5 minutes inoculated with challenge Vibrio anguillarum 1 days 
after vaccination had the lowest mortalities at 14% compared to the group receiving vaccine 
alone at 30% (Fig. 9). 

[171] The groups treated with different levels of HM897 exposure without 
vaccine (Groups Va to Ve) showed no protection against the bacterial infection (Table XI-3, 
Figure 10). The percentage of the fish mortalities in these groups were similar to the control 
group (Group II) in which no treatment was provided excepting challenge with Vibrio 
anguillarum. This indicates that HM897 has a statistically significant effect for augmentation 
of vaccinations. 

[172] All publications, patents and patent applications mentioned in this 
specification are herein incorporated by reference into the specification to the same extent as 
if each individual publication, patent or patent application was specifically and individually 
indicated to be incorporated herein by reference. 

[173] Although the foregoing invention has been described in some detail by 
way of illustration and example for purposes of clarity of understanding, it will be obvious 
that certain changes and modifications may be practiced within the scope of the appended 
claims. 
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WHAT IS CLAIMED IS: 



1 . A composition comprising a peptide having the formula R'-Glx-Glx- 
Lys-R" or a pharmaceutically acceptable salt thereof; 

wherein Glx is Glu or Gin; R' is H- or a first amino acid sequence having 
fewer than 7 amino acids; R' ' is -H or a second amino acid sequence having fewer than 
7 amino acids; and the peptide has a sequence of at least 5 and not more than 9 amino acids. 

2. The composition of claim 1, wherein V is H-, Thr-Ala-, Thr-Pro-, Ser- 
Ala-, Ser-Pro-, Ser-Ser-, Met-Leu-Thr-Ala-, or Leu-Thr-Ala-; and R" is -H, -Ala, -Ala- Ala or 
-Ala-Vat. 

3 . A composition of claim 2, wherein the peptide is L-Thr-L-Pra-L-Glu- 

L-Glu-L-Lys. 

4. A composition of claim 2, wherein the peptide is L-Thr-L-Ala-L-Glu- 

L-Glu-L-Lys. 

5. A pharmaceutical preparation comprising: 

a peptide having the formula R'-Glx-Lys-R" or a pharmaceutically acceptable 
salt thereof, wherein Glx is Glu or Gin; R' is H- or a first amino acid sequence having fewer 
than 7 amino acids; R' ' is -H or a second amino acid sequence having fewer than 7 amino 
acids; and the peptide has a sequence of at least 2 and not more than 9 amino acids; and 

a physiologically acceptable carrier. 

6. The pharmaceutical preparation of claim 5, wherein V is H-, Glx-, Thr- 
Ala-Glx-, Thr-Pro-Glx-, Ser-Ala-Glx-, Ser-Pro-Glx-, Ser-Ser-Glx-, Met-Leu-Thr-Ala-Glx-, 
or Leu-Thr-Ala-Glx-; and R" is -H, -Ala, -Ala-Ala or -Ala-Val. 

7. The pharmaceutical preparation of claim 6, wherein the peptide is 

L-Glu-L-Lys. 

8. The pharmaceutical preparation of claim 6, wherein the peptide is 
L-Thr-L-Pro-L-Glu-L-Glu-L-Lys. 

9. A composition of claim 6, wherein the peptide is L-Thr-L-Ala-L-Glu- 

L-Glu-L-Lys. 



32 



1 0. A method for modulating the activity of a host's immune system, 
comprising administering to the host a peptide having the formula R'-Glx-Lys-R" or a 
pharmaceutically acceptable salt thereof, wherein Glx is Glu or Gin; R' is H-or a first amino 
acid sequence having fewer than 7 amino acids; R" is -H or a second amino acid sequence 
having fewer than 7 amino acids; and the peptide has a sequence of at least 2 and not more 
than 9 amino acids. 

11. A method as in claim 1 0, wherein R' is H-, Glx-Thr-Ala-Glx-, Thr- 
Pro-Glx-, Ser-Ala-Gix-, Ser-Pro-Glx-, Ser-Ser-Glx-, Met-Leu-Thr-Ala-Glx-, or Leu-Thr-Ala- 
Glx-; and R" is -H, -Ala, -Ala- Ala or -Ala-Val. 

12. A method as in claim 1 1, wherein the peptide is L-Thr-L-Ala-L-Glu-L- 
Glu-L-Lys or L-Glu-L-Lys. 

13. A method as in claim 10, wherein the peptide is administered in a 
physiologically acceptable carrier. 

14. A method for treating an infection in a host, comprising administering 
to the host a peptide having the formula R'-Glx-Lys-R" or a pharmaceutically acceptable salt 
thereof, wherein Glx is Glu or Gin; V is H- or a first amino acid sequence having fewer than 
7 amino acids; R" is -H or a second amino acid sequence having fewer than 7 amino acids; 
and the peptide has a sequence of at least 2 and not mare than 9 amino acids. 

15. The method as in claim 14, wherein R' is H-, Glx-, Thr-AIa-Glx-, Thr- 
Pro-Glx-, Ser-Ala-Glx-, Ser-Pro-Glx-, Ser-Ser-Glx-; Met-Leu-Thr-Ala-Glx-, or Leu-Thr-Ala- 
Glx-; and R" is -H, -Ala, -Ala-Ala or -Ala-Val. 

16. The method as in claim 14, wherein the peptide is L-Thr-L-Ala-L-Glu- 
L-Glu-L-Lys or L-Giu-L-Lys. 

17. The method as in claim 14, wherein the infection is a bacterial 

infection. 

18. The method as in claim 1 7, further comprising administering an 
antibiotic to the host. 



19. 



The method as in claim 14, wherein the infection is a viral infection. 



20. The method as in claim 19, further comprising administering an anti- 
viral agent to the host. 



2 1 . The method as in claim 14, wherein the infection is a fungal infection. 

22. The method as in claim 21, further comprising administering an anti- 
fungal agent to the host. 

23. The method as in claim 14, wherein the infection is a parasitic 

infection. 

24. The method as in claim 23, further comprising administering an anti- 
parasitic agent to the host. 

25. The method as in claim 14, wherein the peptide is administered 
mtravenously, intramuscularly, intrathecally, subcutaneously, intraperitoneally, intranasally, 
orally, intrabronchially, rectally, or topically. 

26. A method f or treating atopic states in a host comprising administering 
to the host a peptide having the formula R'-Glx-Lys-R" or a pharmaceutically acceptable salt 
thereof, wherein Glx is Glu or Gin; TV is H- or a first amino acid sequence having fewer than 
7 amino acids; R" is -H or a second amino acid sequence having fewer than 7 amino acids; 
and the peptide has a sequence of at least 2 and not more than 9 amino acids. 

27. The method as in claim 26, wherein R' is H-, Glx-, Thr-Ala-Glx-, Thr- 
Pro-Glx-, Ser-Ala-Glx-, Ser-Pro-Glx-, Ser-Ser-Glx-, Met-Leu-Thr-Ala-Glx-, or Leu-Thr-Ala- 
Glx-; and R" is -H, -Ala, -Ala-Ala or -Ala-Val. 

28. The method as in claim 27, wherein the peptide is L-Thr-L-Ala-L-Glu- 
L-Glu-L-Lys or L-Glu-L-Lys. 

29. A method of treating leukocytic disorders in a host comprising 
administering to the host a peptide having the formula R'-Glx-Lys-R" or a pharmaceutically 
acceptable sah thereof, wherein Glx is Glu or Gin; TV is H- or a first amino acid sequence 
having fewer than 7 amino acids; R" is -H or a second amino acid sequence having fewer 
than 7 amino acids; and the peptide has a sequence of at least 2 and not more than 9 amino 
acids. 
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1 30. A method for augmenting vaccinations in a host comprising 

2 administering to the host a peptide having the formula R'-Glx-Lys-R" or a pharmaceutically 

3 acceptable salt thereof, wherein Glx is Glu or Gin; R' is H- or a first amino acid sequence 

4 having fewer than 7 amino acids; R' ' is -H or a second amino acid sequence having fewer 

5 than 7 amino acids; and the peptide has a sequence of at least 2 and not more than 9 amino 

6 acids. 
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PATENT 

Attorney Docket No.: 015542-000550US 

PHARMACEUTICAL LYSINE-CONTAINING POLYPEPTIDE 
COMPOSITIONS AND METHODS OF USE THEREOF 

ABSTRACT OF THE DISCLOSURE 
Pharmaceutical compositions and methods are provided for the therapy of 
immunodeficient, immunodepressed or hyperactive immune states and for the- prevention and 
treatment of opportunistic infections in such states comprising administering to a subject a 
pharmaceutically acceptable composition comprising as an active ingredient peptides having 
the formula R'-L-Glx-L-Glx-L-Lys-R" and/or their pharmaceutically acceptable salts; 
wherein Glx is Gin or GIu. 

SF 1244960 vl 
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